Background: The prevalence of obesity and injury has increased in Asian countries, but the relationship between obesity and injury is less well established. The aim of this study is to evaluate the relationship between body mass index (BMI), the occurrence of injury, and the injury-related expenditure among Taiwanese adults. Design: Retrospective cohort study. Methods: Our study sample consisted of 12 520 adults aged 18 years or older from the 2001 National Health Interview Survey, who had consented to the linking of their survey responses with their National Health Insurance claims records. Cox proportional hazards regression and a two-part model were used for analysis. Results: The results show that there was a positive association between BMI and injury. Relative to normal-weight adults, the hazard ratio (HR) of injury were 1.21 (95% confidence interval (CI): 1.08-1.36) for obese class II adults and 1.11 (95% CI: 1.05-1.18) for obese class I adults, after adjusting for confounding factors. The HR of sustained strain/sprain rose to statistical significance (Po0.001) among persons with a higher BMI. For obese class II and I adults, the adjusted injury-related expenditure levels were 33.4 and 15.6%, respectively, greater than those of normal-weight adults. Conclusions: There was a strong positive relationship between high BMI and increased risk of injury as well as higher injuryrelated expenditure. Specifically, a high BMI was associated with an increased risk of strain/sprain. Low-intensity flexibility, strength, and balance training programs should be considered in addition to weight reduction programs to prevent strain/sprain for obese adults.
Introduction
Obesity is one of the main threats to public health and is also a risk factor for chronic disease. 1, 2 Aside from chronic disease, excess body mass may also increase the risk of injury. Earlier studies have shown that obesity is associated with injuries, especially sport and motor vehicle injuries. [3] [4] [5] Some studies have identified an increased risk of injury among young overweight and obese groups of people. 6, 7 Other research, from cross-sectional studies, has shown that increased body weight is associated with an increased risk of unintentional injury 8, 9 and with workplace traumatic injury. 10, 11 Past studies that have investigated the relationship between obesity and injury have been limited to mostly western populations, by the use of a specific subgroup of persons, or by the use of a cross-sectional study approach. Furthermore, whether the longitudinal relationship between obesity and injury differs for different types of injury among a nationally representative sample is less well established. Although the available published literature has indicated that there is a positive relationship between a higher body mass index (BMI) and increased health care expenditure, 12, 13 whether a higher BMI is associated with increased injuryrelated expenditure remains unclear. Earlier studies have indicated that obese individuals tended to have a greater severity of injury and a higher mortality rate when they suffer injury in motor vehicle accidents. 3, 4 Hence, intuitively when an injury occurs, obese individuals may tend to have greater health care expenditure on treatment; nonetheless, one cross-sectional study found that BMI did not signifi-cantly influence injury treatment costs. 9 Therefore, this study aims to extend the research beyond these study limitations and to evaluate the relationships between BMI, the occurrence of injury, and injury-related expenditure among Taiwanese adults. Taiwan serves as an interesting study setting for this issue because earlier findings were based on the results from western countries. 8, 9, 11 Owing to their heterogeneity of culture, lifestyle, body size, and physical activity practices, the findings from western societies may not be generalizable to oriental countries. Taiwan is a typical oriental country and it shares many similar ethnic, cultural (physical activity habits and health behaviors), and health care system characteristics with other oriental Asian countries. Furthermore, obesity and injury are more prevalent in Taiwan than in other oriental countries. 14, 15 Therefore, understanding the relationship between obesity and injury in Taiwan will extend the existing research into oriental populations and enrich our understanding of these problems across the international community.
Materials and methods

Data source
In Taiwan, the National Health Research Institutes conducted the National Health Interview Survey during 2001. National Health Research Institutes used a multistage stratified systematic sampling design, which was based on the degree of urbanization, geographic location, and administrative boundaries to select a representative sample. The response rate was 93.8% for individuals and 91.4% for households. The survey data provides information on demographic factors, height, weight, socioeconomic status, and health behavior. Details of the design and sampling scheme have been reported elsewhere. 16 Survey data for those who had given consent were linked to National Health Insurance (NHI) claim data between 2002 and 2004, including their NHI ambulatory care claims file, their NHI inpatient file, and their NHI major diseases database. The NHI claim data includes diagnosis codes, date of medical service, procedure/treatment conducted during the visit, the hospital/clinic ID, the physician providing the service, and medical care expenditure. The linkage of the datasets was conducted by the Bureau of National Health Insurance using personal identification numbers and dates of birth. This process followed the government's confidentiality regulations during the linkage processes. The personal identification numbers were encrypted into the analytical files and, therefore, no patient or admitting hospital could be identified from the analytical dataset. Injury-related expenditure. Taiwan NHI is a single-payer NHI scheme. It is financed by a combination of premiums and tax revenue through government subsidies. The NHI premium is collected in two ways: (1) waged-based premiums for regular wage earners and (2) fixed premiums for those without a well-defined monthly wage. Under the NHI program, for every encounter, the total medical care expenditure includes NHI reimbursable expenditure, copayments, and out-ofpocket expenditures. On account of data limitations, we only included NHI reimbursable expenditure and copayments in this study. The total injury-related medical care expenditure for the period 2002 though 2004, including inpatient expenses, outpatient expenses, emergency service expenses, copayments, and prescription medication expenses, was calculated from the NHI claim data for each individual.
Study design and sample
BMI categories. The International Obesity Task Force has recommended different specific BMI cut-off points for Asian adults. 17 On the basis of International Obesity Task Force Other important independent variables. We considered a range of potential confounding factors that might affect the relationship between BMI and injury. These factors included sex, age (18-24, 25-54, X55 years), ethnicity (non-aborigine, aborigine), household income (low, middle, high), education (low, middle, high), occupation (no job, manual labor, nonmanual labor), exercise (none, moderate, vigorous), smoking (never, former, current), and alcohol consumption (none, less than once a week, more than once a week).
Household income. In the original survey questions, household income was categorized into seven levels ranging from 'below NT$ 30 000' to 'above NT$ 200 000'. For each level, we calculated the mid-interval value to obtain a linear index. Then, each household income was adjusted for the household structure according to the equivalence scale proposed by Buhmann et al. and Wagstaff et al. 20, 21 We divided the household-structure-adjusted household income by the number of household members to get a per capita household income. Finally, individuals were grouped into three trisections (low, middle, high). Low household income referred to those people with average per capita monthly household income lower than NT$25 000. Middle household income referred to those people with average per capita monthly household income between NT$25 000-NT$44 999. High household income referred to those people with average per capita monthly household income higher than NT$45 000.
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Education. In the original survey questions, education was categorized into six groups: illiterate, literate, elementary, junior, senior, college, or above. In our study, we regrouped these categories and defined low education as those who have never received any formal education and illiterate, who have never received any formal education but literate, and those who have received only up to elementary school education. Middle level education was those with a junior or senior high school education. High level education was those with a college education or above. 23, 24 Occupation. We combined craftsmen, workmen, technician, farmer, foremen, fishermen, or fireman into manual labor. Then, we combined intellectual professionals, teachers, executives, secretaries, or office employees into non-manual labor. In addition, those interviewees who were student, unemployed, retired, or housewife were defined as no job.
Exercise. Respondents were first asked whether they had done any exercise in the past two weeks, and then asked whether they experienced any change in breathing during exercise. In this study, we divided exercise levels into three categories: none, moderate, and vigorous. None exercisers were defined as those respondents who had never done any exercise in the past two weeks. Moderate exercisers were defined as those who reported slight to moderate increases in breathing during exercise. Vigorous exercisers were defined as those who reported dramatic increases in breathing during exercise. 25 Smoking. Regarding smoking status, three categories were used: never, former, and current smokers. Current smokers were defined as those respondents who had smoked 100 or more cigarettes in their lifetime and reported smoking every day or some days. Former smokers were defined as those respondents who have smoked 100 cigarettes in their lifetime and reported that they had quit smoking. Never smokers were defined as those who had never smoked or those who had smoked fewer than 100 cigarettes in their lifetime.
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Alcohol consumption. Respondents were first asked whether they were a current drinker, and then asked how often they drank alcohol. Alcohol consumption was categorized into five groups: less than once a month, once to twice a month, once a week, twice to thrice a week, everyday. In the study, we defined non-drinkers as those who were not current drinkers. Current drinkers were then divided into two categories: those who drank less than once a week and those who drank once a week or more. 26 
Statistical analysis
Rates of injury were determined according to patient characteristics. A w 2 test was used for single-variable analysis.
In addition, Cox's proportional hazards regression was used, and Hazard ratios (HR) and 95% confidence intervals (CI) were calculated. All variables were analyzed using both univariate models and a multivariable model. For this model, the start time was specified as 1 January 2002 and follow-up was terminated at the date of injury or 31 December 2004, whichever occurred first. Then, we used a two-part model to analyze the association between higher BMI and increased injury-related expenditure. In the first part, the probability of incurring any injury-related expenditure was estimated using logistic regression. The second part of the model used linear regression to obtain a prediction for the level of cost conditional on incurring any injury-related expense. As the two-part model does not allow statistical tests of equivalence for overall predicted expenditure, bootstrapping was used with 1000 repetitions to arrive at the 95% CI. Both models were adjusted for sex, age, education, household income, ethnicity, occupation, exercise, smoking status, and alcohol consumption. All analyses were conducted using the SAS 9.1 (SAS Institute Inc., Cary, NC, USA) and STATA 8.0 (STATA Corp., College Station, TX, USA) statistical software packages.
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Results
The study sample included 12 520 adults aged 18 years or older. The distributions of sample characteristics are presented in Table 1 . During the study period between 2002 and 2004, 7424 (59.3%) injury cases occurred. The crude injury rate was higher for obese adults than for non-obese adults (65.3% for obese class II, 61.8% for obese class I, 60.3% for overweight, and 57.6% for normal weight, Po0.05). Furthermore, increased injury rates were found among young adults (aged 18-24 years), among those with low household income, among those with low education, and among people working in a manual labor occupation. As shown in Table 2 , there was a positive association between BMI and injury, both crudely and after adjustment for the covariates. After controlling for the demographic After controlling for BMI and other covariates, the young adults had 1.23 (95% CI: 1.12-1.34) higher risk of injury compared with the oldest group. Furthermore, the lower education groups were more likely to be injured than the highest education group. Finally, occupation and exercise behavior were also significant risk factors for injury in the multivariable model. Those who had a manual labor occupation and undertook exercise were more likely to incur an injury. In brief, our findings were generally consistent with the former studies. 9 Regression results by injury types are presented in Table 3 . The regression results include the top five injury types: strain/sprain, contusions, open wounds, superficial, fractures, and other injuries. After controlling for other covariates, the HR for strain/sprain rose in a statistically significant manner in parallel to a higher BMI. The HR (95% CI) for underweight, overweight, obese class I, and II adults were 0.83 (95% CI: 0.72-0.95), 1.17 (95% CI: 1.07-1.27), 1.27 (95% CI: 1.17-1.38), and 1.40 (95% CI: 1.22-1.63), respectively. For contusions, open wounds, and other injuries, the HR were greater for each individual obesity group, but the results were not statistically significant.
After controlling for covariates, the injury-related expenditure for obese class I and II adults were, respectively, 15.6 and 33.4% greater than that of normal-weight adults (Figure 1 ).
Discussion
This was the first study to explore the association between BMI, occurrence of injury, and injury-related expenditure in Taiwan, an oriental Asian country. In this study, we observed about 60% of adults sustained some injury during the 3-year study period. The HR for sustaining an injury were 12% (obese class I) to 21% (obese class II) greater among those with excess weight than those with normal weight, which is similar to other studies. 9 In addition, we observed a positive relationship between BMI and injury-related expenditure, possibly because of an increased severity of injury and higher injury frequencies among those obese adults. 3, 4 Earlier, a retrospective review study of 316 patients in a Los Angeles County Medical Center found that obese patients had more complications and required longer intensive care unit stays (obese 8±9 days vs non-obese 6±6 days, P ¼ 0.05) after severe trauma. 27 Despite the fact that our data were unable to identify injury severity and the number of times that the subject was injured, there is clear evidence that obesity has an impact and increases the risk of injury also increasing injury-related expenditure. This finding suggests that the excess weight is a problem with respect to an increased risk of injury not only in western countries, but also in Asian countries.
In addition, we found that people who exercised moderate or vigorous were more likely to sustain injury. Some studies also indicated that people who had vigorous exercise or sport had a greater incidence of injury. 25, 28 This might suggest that when obese people try to lose weight by vigorous exercises, 29, 30 This is similar to the earlier studies, which have also indicated that injury in the workplace is associated with obesity. 10, 31 Furthermore, based on the results of more detailed analysis, obese class II individual who were in manual labor occupations were at a higher risk of injury than normal-weight people in similar occupations (HR: 1.27, 95% CI: 1.02-1.57). Therefore, the workplace safety education for obese employees needs to become an important focus of injury and obesity prevention. Furthermore, consistent with the earlier studies, among all types of injury, BMI was only associated with an increased risk of strains/sprains. 9, 32 An earlier study indicated that obesity has a significant impact on the musculoskeletal system. 33 Obese individuals are more likely to have weak back or abdominal muscles because of their additional body weight. 34 Thus, there is a greater likelihood of increased stress on the musculoskeletal system; in addition, their own strength has decreased as they have gained additional mass. Therefore, we propose that obese people should undergo weight reduction and be advised to do low-intensity exercises that improve flexibility, balance, and muscle strength. 34, 35 Our study has several limitations that should be noted. First, the study uses self-reported weight and height information to determine BMI and overweight and obese individuals have been reported to under-report body weight. 36 Furthermore, face-to-face interviews are considered more valid and reliable for self-reported height and weight. 37 Nonetheless, even if obese individuals under-reported their weight, this would only underestimate our findings and lead to the results presented here being more conservative than reality. Second, the consent rate (86%) observed here for a general Taiwanese population is comparable to those observed in western countries. 38, 39 Although the consent rate was high in this study, potential differences between consenting and non-consenting persons may lead to possible bias in our study. In addition, there were 10% of people who had missing information on height or weight. According to an earlier study, the elderly, lower education, and those with a lower income were more likely to deny consent 16 and more likely to have missing information on height or weight. Although obesity is more prevalent among these groups than those with complete information, injury is more prevalent among the young, those with a low education, and subjects with low income. Hence, these biases might have led to underestimations of injury risk among low education and low income subjects and overestimations of injury risk among young adults. Finally, owing to data limitations, out-of-pocket expenses were not included in the analyses. According to the earlier literature, obese and overweight individuals are more likely to be involved in situations that incur out-of-pocket expenditure. 40 Hence, the difference in excess medical expenditure of the obese might be underestimated in this study.
In conclusion, there was a strong positive relationship between high BMI and increased risk of injury as well as higher injury-related expenditure. This is found not only in western countries, but also in an Asian country. Specifically, there is an increased risk of strain/sprain among obese people. Our findings have important implications for health policy makers and health care providers. Given the presence of a rise in injury risk among obese people, our findings suggest that injury prevention should be accentuated to obese persons. Moreover, combining both weight reduction program and low-intensity exercises that improve flexibility, strength and balance training may be helpful to reduce the strain/sprain injury risk among obese people.
